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LI, NTRUDUCTION

l. A prominent feature of the world nitrogen industry is the rapid rise in

popularity of urea, as shovm iln Figure 1.
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Urea's share of tbe world nitrogen fertilizer market has risen from less than
5% in 1955 to 16% in 1969 and 1ic expscted to increase to about 26% by 1975.
These figures are based on FAO data through 1969 for the world (excepting Rus-
sia and Communist .sia) and projectlons based in part on estimated capacity
for subsequent years. These figures are for solid urea only, and do not in-
clude the urea conient of soluticns. Iu the United States ; about half of the
urea used for fertilizer goes into solutioms. Also, thc FAO data provably do

not Include the ures content of some complex fertilizers.




2. The largest grouvp conelste of anhydrous armonia, nitrogen solutions, the
nitrogen content of ammoniiz pacephaics ani complex iertilizers, and miscel-
lansous other materials. amonium suifabe, Suce the 25 popular nitrogen
materinl, rupplied only 35% of the world garkct in 1969, and may decline to
84 in 1975, Other low-mnalysis materials inelude caiclum nitrate, sodium
nitrate, and calcium cyanamice. Thils grcup now supplies only 2% of the mar-
ket. Ammonim pitrate now supplice 7% of the market; in future years the
percentege may declin: rlightiy.

3, The following tabulation shows csotimates of worli capacity for production
of urea, ammonium sulfate, and ammoaium nitrate in 1967, 1971, and 1975.

World nltrogen capacity,® 1000's of metric tons
Ammonium suliated  Ammonium nitrate® Urea

1907 1901 i97: 1967 97k 19715 1367 1912 1910,

Western Furope 1320 157C 1753 099) 325 3,919 1k26 3,071 3,320
Eastern Furope 276 500  %7¢ 1008 240z 2,500 620 1,541 2,376

Asia 916 1161 1217 500 500 500 1846 4,714 8,08k
Africa 50 750 30 370 660 €60 100 237 237
Oceania 30 300 50 5 3% 85 15 ol ol

North America  51C 5.0 510 2015 210k0  2,1hkc 1323 2,01k 2,102
latin America 170 228 2oh 1Tk 293 L35 LT3 500 1,310

.

5272 3570 KiBL Se3 9913 10,359 %503 12,171 17,523

g Excluding Russia and Communict Acie.
Includes amrmonfum culfatc snd emmonium sulfate aitrate,
¢ Includes ammonium uitrate (33%) and ammonium nitrete - limestone (20 to

26%).
Amponium sulfate cepacity increased by sbout 18% from 1967 to 1971, and a fur-
ther 8% increase is expected by 1975. Much of this capacity is byproduct from
coking operations, caprolactam production, aud other industry. Ammonium ni-
trate capacity increased over 50% from 19€7 to 1971, but littlc further in-

crease is planned. Urea capaclsy increaced 20% from 1967 to 1971, and plans

for a further ipcrease of about Lk have been wunocunced. Mese capacity
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distribution with smaller material could be obtained by decreasing the swath
width, but the time rejquired would be increased, as .he machine would have to
make more trips across the fleld. Vragg suggests that an optimum granule

size for rapid, even brosdcast spreading might be 3.5 to i mm.

8. Bulk blending ie povular in the United States and some other countries,
Prevention of segregation in olends requires that the particle size of the
blends be closely matohed. ince prilled urea is smaller than other materials
commonly used in blends, it is not well rulted for this use.

9. Prilled urea is fragile; its crushing strength and resislance to abrasion
are much lower than most granular fertilizers. This weakness may result in
excessive formaticn of fines 1in some bulk handling and conveying equipment,
especially in cverseas shipments, Also, some types of application equipment
cauge excessive disintegration.

10, In view of the disadvantages o the usual commercial prilled ures, it
geems odd that so little work hac been done on improving its quality, Some
degree of control of particle alre in the prilling process is possible, but
larger droplets require a longer time to cool and sclidify, and this
consideration may be a limiting factor in praciice,

11. One company in Cansda (Comirco) is producing urea by a spray-drvm granu-
lation method. Two sizes are proiuced; one size, about 1.7 to 3.5 m in diam-
eter, is useful for bulk blending ard direct application. A larger size,
about 4 to 6 mm, 1s used tor forest fertilization. The granules are harder
and more resistant to abrasion thau prilled material, The cost of granulation
15 eaid to be about the same as prilling.

12. TVA is developlag a pan granulation process for wrea in s pilot plant

using an inclined pan that has a diamcier of about 1 m. The usual rete of




production i: about 240 w per voar. Highl\y concentrated urea solutions are
utilizad 8o that doyink o1 ohe proowt 18 not required.

13. A flow diagram (¢ :os vraceas i plven in ¥igure 2. Concenirated urea
solution (98 to 93.5,5 wup Bp.myed onto o cascading bed of recycled fines in a
pan granulator. ‘Toe {ar puviact wns conjed in a rotary cooler by a counter-
current airficw ard thei seraeney.  Ysdereis. and ciushed oversize were

recycled {o the granuwieiion <ten
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14, Three etlzos of wimuilas umen 3 ars prcduced.  These sizes, together with
thelr interded eru us Yy 620 510w BOLOW.

2.4 to 3.b mu--bul blending or direct appiicution

2,8 to 4.0 mu=-vraiiv: I+ ecntroiled relesse

4.0 to 6.0 mme-coating wd foreetry feriilization
15. For granulatioa of all ¢f thear produste, the tomperature in the material
in the pan graaulctor was corefudly controlied at abcut 100°C, Temperature
was controlled primacily by veryi ng ‘he recycle ratio. The pnormal recycle

ratio was 2.5 tc 3.0:4, i the +omperature of the recycled material was
about %6°C,
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16. For the two larger siz2s 37 urea that wers to be suitable for sulfur

coating, soue cpooial uperaiiag procedurse were utilized to glve a very well

wounded and clusely slzel .od:aoh

a. large, clusely sized, wll-roupnied wr=u gZranules vere used as starting
recycle,

b. The product vas screened in an unususally onarrow size range.

¢. Dust frum the cyclomes and crusier was not racycled to the pea. (In com-
mercial pleni operutlon this cust chould oo dissolved in the urea solution
feed. )

d. The urea colubion way puuncd Lo the spray notzles to give adequate spray
preasure for gocld coating.

With the techniques outliased ahbov:, thin layers of urea were bulilt up on the

surfaces of the recycle. Contral of granulation war so precise that only

about 1% of the pan product was oversize. Product appearance vas excellent.

The products were particwarly wezll rounded anu smooth,

17, A tabulation of com> physical propertiers of urea products produced in

the pan granulation gilot plaut is given pelouw, Sone prorerties of commercial

air-prilled urea and Ccmiiaco grauul-~r urco z2re listed for comparison.

Alr- Cominco
prilied granular

ion~caniiated uree urea urea
Size of granulee, mn 2,8 2.80=%,i 3.ha,0 1,7-2.0 2.4-2.8
Solution concentravicn, % 39.5 us, 8 39,3 B 98
Crushing strength, kg 1.8 aqr L.EB 0.9 1.6 0.9 2.7
Degradation,® % 0,5 5,1 0.4 0.1 0.3 12 0.9
Apparent specific gravity 1.32 1.5l .'“:j 1.5¢ 1.27 1.32 1,29
Porosity,b % 1,0 1.9 o4 2,6 %9 1.1 3.4

& Percent degradation = perceat minus 1.0~um material forwed on milling,

© Percent porosity = 100 - 1o0(=fReren. specific fravity
porostiy = 1 OO e 3paci Flc gravity ).




18, Crushing strength of Lhe gruhular urea was ab.ut twice the strength of
air-prilled urea., f“her ix Indicatton that wse of the less concentrated urea
solution (9%6%) loweraq crishing steength.  Also, with a given solution con~
centration, simply Increasing tne w-ea granule size increased the crushing
strength, The reaintaice *n abrusion or tie plioteplant graoular products
vas greater than for commercinl priiled ures. Lecs thas 1% fines was produced
in the standard test procedure ag compared with 12% for the prills. The
Pllot-plant products had atout the sume crushing strength axd abrasion
resistence as commercial granular wee {Cominco),

19. Results to date d> not show any significant difference in the bulk den-
sity and specific gravity of the pan products as compared with air-prilled
urea. The calculated porosity of the grmnule; indicated that the pan-
granulated urea mde with 994 eolution had about 1% voids which is similar
to prilled urea and lens porous than Cominco urea. The pan-granulated urea
made with 98% solution was more porous (3 to 5% porosity).

20, The pan granulation procees {s beinv used successfully in a full-scale
Plant (20 tons/h) by ™4 tn mrarvlate high-ritrogen fertilizers containing

ammonium nitrate including ammonium nitrate sulfate (30-0-0-5S) and ezmonium

I,\‘

[
—

phosphate anitrate (30-10-0) (

11I. COATING AND CONDITIONING UREA

21, Although some urea is marketed without conditioner, most of 1t now 1is

conditioned either with & very finely divided inert dust such as kaolin clay
or with one of several organic materials. 'These treatments generally are ef-
fective in preventing cak'ng while sinred ig moistvreproof bags, but none of

these treatments is effective in retarding the mate of molsture absorption




vhen the material is in contact with humid air above the critical relative

humidity which is about 75% ae 30°C.

Coating Urea Tc liztard Moisture Absorption

22. In some parts of the United States where the climate is not and humid,
there 15 a need tor a conditioning treatment that will significaatly retard
moisture absorption. The need is even greater in some tropical areas where
production and use are Llikely to be large. A petrolatum-rosin-paraffin (PRP)
coating was developed 25 years ago and was used on grained axmonium nitrate
(2). It wvas moderately effective ip retarding moisturc absorption, but its
use was discontinued vhen it was realized that it contributed to explosion
hazard.

23, Recently, test quantities of granular urea (1.7 to 3.3 mm) were coated
with 2.5% PRP. Effectiveness of the coating was judged by exposing samples
of coated and uncoated urea to turbulent air at 32°C and 90% relative humidity
for 24 hours. The coated urea became slightly damp but remained free flowing;
the uncoated urea became slushy; the particles lost their identity. The rate
of moisture absorption for the coated naterial wae only about ope-fifth that
of the uncoated, Numervus other coating materials are being tested in an
effort to 1dentify low-cost effective treatments.

24h. The Dutch State Mines is reported to have developed an effective oil
conting treatment. In all coating treatments, larger size granules are help-

ful because the smaller surface area per unit weight reduces the required

quantity of coating materisl.
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Coating Urea for Cuntrulled Release of Nitr

gen

25. A nitrogen fertilizer wieh corsng)

o

1 release hae been the objective of

considerable regesrch, T veiblal mlvanba. £ contr Lted-relense ni rogen
fertilizers are increased efficleucy o7 uvtake Ly plants; minimization of

losses by leaching, uaneff, or recomposivion; reductition of application cousts

thro reduction i1 {'re uency of a licatlon; erimination of Laxury cons -
q y §9) A ump

tion; prevention of pollution of ground weter, streams, and lakes ; amd

Prevention of burning of vegetution or damage 1o 6cadlings,

26. 1In general, the ~esearch has bheen divided !nto two broad categories; one

approach has been the synthesis of nitrogen compounds with desired solubility

chumcteriatica, and the other has been the coating of soluble fertilizers.

Examples of 8ynthesized compounis that d1ssclve uvlowly are urca-formaldehyde

products, 1sobutylidene diurea, and crotouylidene diuea, but the relatively

high cost of these products limits conswmption to spe>lalty uses. In a search

for more promising materials s about 100 nitro@en-cuntainlng materials were

evaluated by TVA ip greenhouse tests., Some were inert, soume were toxic, some

vere readily available +o Plants, and some were B'owly available. From the

latter group, oxamide (32% N) wae selectad agp the most promteing, and several

Years' study was made of potential g ulucturing proc-sses, Eowever, it wag

concluded that the manufacturing cost would he too high for farm fertilizer
u”.

27. Attention was then turned to coat!ng hitrogen fertilizers to control

release. Of tr= several coating materials that weps tried or considered,

sulfur was selected on the vasls ¢of coet and nffectiveness. 0Of mterials to

be coated,

urea was selected on the besic ¢! cost, availability, and high
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concentration. Researchi nt TVA on sulfur cuoting of urea particles for
controlling the Afe-ubior rate begar In 1961,

o8, However, sulfur alcaos aop uot .o, -2sdslent o molstare penetration,
and it was the discovery that an ol.y s.alant wac required with the sulfur
that provided the “reakthrough tu & cucresnful coating. It is believed that
the vil acts ar a sralant in filling the ~ine porer in the sulfur shell.
Ordinary motor oil worked very weli with watcr dissolution measurements in
the laboratory; however, in nJsil, th» coating failed pecause the soil mechan-
fcally removed the oil by absrrptlon. Petioiatun worked better in the soil,
but certain types of wax wera found to wo.k cven hetter and were cheaper than
petrolatum. These wnxes cuntain about 1C% ¢il; waxes containing only 1l or 2%
oil are unsstisfactnry us sealants, even in water. Therefore, it was deduced
that the oil provides the s2uling action, end the wax provides mechanical
protection that prevents the 011 from being absorbed by the soil.

29, It was found that the wax was sutject o misrobial attack in the soil
which destroysa itu realing properties; theretore, 1t was desirable to add a
microbicide. C.al tsr ha: bsen found tc be an offective, cheap microbicide.
Only about 0.2% coal %ar is requlved.

30, PFarly developwent work wee carried out in the iaburatory by coating
batches of urea in 1,- eant jt-cmediamster drums (). later the development
vas continued in a rmali scntinu.us prlet plant; the production rate was about
135 kg per hour (5). At pre:mut toe precese ie being developed further in a
large pilot plant that hai o capacity of about L ton per hour. The initiel
operation of the iarge pliot plant has bdeen quite encoureging.

31, A schemati~ fiw diagrum of the pilot plant io ehown in Figure 3.

Granular urea 't preheated in tae firet rotating drum Lo 80°C with electric
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radiant heaters to prevent vhe sulfu. from freezing too supildly on the grarn-
wles. The molten swlfur Ls sir-atemized nad Cprayed octo pae rolling bed of
granules in the second arum. Wax g coad ter are appiied 'n the third drum.
The coated granules are then cooled fp ro Sinidvzea bed conler, amd a powiery
conditioner is applied ia a fourih Jwum to elimiveie the tacky condition of
the vax.
N
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FIGURE 3
FLOW DIAGRAM FOR SULSUR-COATED UREA PILOT PLANT

32. Most of the work vas Gone witlk comwercial grsaular wea (1,7 to 3.3 m)
produced by the previo.sly igeutioped gpray dam grawlation process.  Some
tests were made with nrilied .rea, but ite smaller particle size resudts In
greater surface area per unit welght uf urea; this greater surface requires
& coating that is highe» in percentoge by weight uf the product for a given
coating thickness. For thir masor Inrge, well-rounded grancles am
preferred for coating.

33« One cause uf the lung penlud requirsd for deveinpment. of the coating is
the time required irherenyly o5 agroaom!c testing uf Lie mxperimental

products. Ancther cause 1 Lhe lavge rumler of opecating variables shat
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affect the qualily of the coating. Fourteen variahles, soume interacting,
affecting coating quality have heen jdentified. FHowever, in apite of the
large number of variabtles, hhey all can be controlled fairly easily to give
a consistently uniform product. The difficulty is in finding the optimum
combination of variables.

34, In the small pilct plant the best quality of coating produced at a
coating weight of 16% had & dissclution rate of 184 in the first 7 days and
0.6% per day for the next 7 days. These dissolution rates were determined
{n the lsboratory by immersion in water at 38°C. The higher initial rate of
dissolution results from the presence of scme granulee that are coated im-
perfectly when they pass under the three spray nozzles in the drum. These
granules dissolve in a short time when a sample is placed in water. The re-
maining granules that are well coated have an average daily dissolution rate
that is relatively constant. For most purposes it 1is depirable to have &
portion of the nitrogen readily available {mmediately after application of the
fertilizer. By varying the coating thicknese (or weight), both the initial
rate and daily rate of rclease zasa be contrclled. The lesired rate for a
given crop and climate has to be determined by field testing.

35, The effect of time, coating weight, and temperature om dissolutiou in
water is shown in Mgure L. These results were obtained with materials pro-
duced in the small pilot plant before optimum coating procedures were devel-
oped; in subsequent work, similar results were obtained with lighter coatings.

Dissolution rates in the soil are not necessarily tbe same as in water, as

many other variables affect soil dissolutiou rates.
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36. Estimates indicate tlLot th. ot of coating graau’ar urea in a plant of
450 metric tons per day capacity would be about $16 per toa, including a 15%
return on investment. If the price of straight urea (L6% N) 18 $77 per tonm,
the estimated price of coated ures (367 N) would be $76 per ton, which 1s
about 26% more per unit of nitrgen. It 1o reccgnized that initial production
on a smaller scale will be more expensive. Also, transportation coste per
wit of nitrogen will he grester for the coatad mrteirial because of its lower
nitrogen content, However, the results of egronomic tests indicate that there

are many cases in which the valve of increased Yield would more than pay for

the higher cost. Moreover, u major advantage of couted urea is the potential
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reduction in costs by applying the nitrogen only once at the time of planting
rather than having the added costs of top- or side-dressing.

37, In addition to the controlled-release characteristics, coated urea has
excellent otorage and handling characteristice and might even be handled in

bulk in humid climates.

Agronomic Tests of Coated Urea

38, The agronomic response of various crops to sulfur-coated urea has been
reported by TVA agronomists in several publications (6, I, 8). Results or
conclusions obtained are swmmarized bdelow.

a. A single application of sulfur-coated urea oncoastal bermuda grass in the
spring gave as good or better results than four (split) applications of
amnonium nitrate.

b Excessive (luxury) consumption and excessive growth of grass forage
shortly after a single application were avoided with sulfur-coated urea.

c. Sulfur-coated urea produced better distribution of protein throughout
the forage growth period.

d, The sulfur residues oxidize slowly to plant~-available sulfate.

e. Heavy surface application of sulfur-coated urea to grasses did not result
in burning or N (decomposition) losses as with uncoated urea.

f. Sulfur-coated urea resisted leaching and denitrification in cases of heavy
rainfall and resulted in higher yields under these conditioms.

39, Tests of sulfur-coated urea are being carried out in 36 of the United

States end in 22 foreign countries. Some of the results of these tests indi-

caved that coatel uree was advantageous for use on sugarcane, pineapple, rice

grovn vith delayed or intermittent flooding, and in general for long-season




-] Y

crops and for conifitions where gl leaching or decomposition lovsss are
prevalent,

4O, The sulfur-coatii, Velagle way & Gppried Lo e tilicers ovher Jiap
urea. Experimentsl work has included coating ol Adwamoniy- phcsphate,

Potassium chloriae, potassium swifate, and varlouy ccaupornd fert.ilizers.

IV, URBA - AbJONTWS SULFATE

41. Combloitions of vree and siropiv- rutfate (UAS) ure of inlerest becuurs
byproduct ammonium sulfate s avallabie at lov cosy at rany locations, and
because sulfur is an csgential eleiwnti 1or plent growth., pPecert reyorts by
The Sulphur Insiituts show that modemte to serious sulfur de ficiencies occur
in more than half of the United Staten arc. 1n at least 47 other count.ies,
including seversl dnveloplng countrics.

k2, FExperiments by TVA have shovm the Peraibility of prillin; UAS in ofl (9).
Mixtures containing 18 to 60% anmon’wa aul“ute have been prililed successfully
in the pilot pinrt, M sorrecperiir g ulrogen contents ape Lo to 30%, and
the equivalent clemepto) 1. .- Bl e boto 139,

b3, The usual temperature oi the UAS mixiure for prilliing was about 135°C.
Figure 5 shows a phase disgrem of the UAS system. The syrtem shows a eutectic
at 9% ammonium sulfate and 91/ wes with o melting point of 121.5°C. Mixturea
containing more thar ebout 10% ammonium suliate at the usual priliing temper-
ature of 135°C contained uniinscolved sclid ammonium sulfate susp'nded in the
melt. However, those iixtures were tluid enough for succepsful prilling using

a rotating prilling cp 7.5 em in dlumeter containing 2b holes of 2-mm di-

ameter, The rrills were somevial, larger and strongsar then air-prilled urea,




Also, tests indica.ted that prilling ‘o air would be feasible with minor

changes in conventional urea plants.
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L. Granular UAS has been produced successfully in the pan granulation pilot
plant that was mentioned earller. Figure 2 shows cptional sddition of
amonium sulfate in the urea granu atiom process.

45. The wmmonium sulfate used was & .rystalline material, s byproduct from
the steel industry, mainly amailer than 0.5 mm. Urea solution was prepared
by melting prilled urea with about 1% water in a steam-heated melter. In some
tests, amonium sulfate was ndded to the urea in the melter. As much as 20%
ammonium sulfate (not necessarily a maximum) could be aided to the urea

without encountering dlfficulty in spraying the melt into the pan granulator.

This method gave generally better results than addition of ammcnium sulfate
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in a dry state with the recycle. A mixture of 20% ammonium sulfate and 80%
urea provides a product grade of 40% ¥ and about 4.9% ° (arter conditloning).
This grade 15 deemed useful for uze in sulfur«ieficient areas.

46, The finished granules (2.& to 5.4 mm) appeared to have good physical
properties, althuugh sriorage “erts have not been completed. Since UAS has a
lower critical relative humidity than ~ither urea or amonium sulfate, it is
expected that conditicning will ve required.

k7. In work reported by Joris and Sor (10), it was found that UAS may be
granulated by air prilling, roll compaction, or drum granulation. These
products contained 33 to 34% N (approxtmately equal weights of urea and
amonium sulfate). The products were stronger than urea prills,

48. Joris and Sor {10) report that volatilization loss (as NHy) from UAS
appliad on the surface of the soil was much less than from straight urea.
Also, agronomic tcuts in several locations gave better results than ammonium

nitrate, presumably due to the sulfur content of UAS,

V. US™ OF URRA IN MMPOUNMY FRRTILIZER™

49, Compound fertilizers are gruving in popularity in many couniries. In
Western Europe during the period ot 1955 to 1969, compound fertilizers in-
creased from about 35 to 56% of all fertilizers. 1In Japen in 1969, 72% of
the N, 76% of the Po0s, and 84% of the K-0 were in the form of compound
fertilizers.

50. There is also an increasing preference for compound fertilizers in many

developing countrircs. When s country begins to use fertilizer, nitrogen is

often the limiting factor, but after a fev years of use of straight nitr gen,
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the native supply ©f other clements in the soil often becomes depleted and
must be supplied.

51, While it 15 possible tu upply straight fertilizers geparately, 1t
usually is vore convenlcnt end caticlactory to use a compound fertilizer
containing all necessary clementa,

52. Urea i well adapted tc une in compound lertilizers because of its high
analysis, low coat pe: unit i nltrogen, and pientiful supply. In comparison
with ammonlizn nitirate, it i3 Pree {rom flie and explosion hazards, and
agronomically preterable for rice.

53, Compound fertilizer: fo.wulated with urea and superphosphate have some
advantages that should no® uve cverlooked. Superphosphate production is a
simple procesc, and often may be the best means for utilizing byproduct sul-
furic acid when the cuentity is insutficient for en economical scale of phos-
phoric acid productiovn. Aleo, superphosphate supplies sulfur, an element
necessary for plunc growth and often deficient, Many developing countries
have superphosphate fecilitic. that are mot fully utilized. Granulation of
superphosphate wiih uUrea anc other wmierials offere u means for providing
guod-quality compr imd fert!lizers that are adapted to the needs of crops and
soils in iocal aras,

54, The lechnology of utllizing ures in granular compound fertilizers is
well advanced ic Gres’ Eritain vhere several small plants supply local needs
using formulati-ns conteining urea, superphosptate, potash calts, and often
ammonium sulfate, Quice oiten, smmwnium pliosphate le added to up-grade the

product. Some popular gredss are 1l0-10~16, 2C-10-10, and lh=14-1L, A recent

article summarizea Britisn practice (i1).
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55. In vieiting som: o1 tLhe Britvish peaNie, Lne ueur aboence of fume and dusc
was & sotewor UL, Coctail oo LG adh 60 sop st icaten pellution eontrol equip-
ment was usad, Subseqenus y, Vo piOb=pltiie Lefbs e ecofirned thaL granu-
lation of urea~surerphoschate {ormulatioss yields ruch jese fume and dust than
tne armoniun niL:-ate--c«»rrta.ining fomuilstions UMY uced in the Unige
States,

56. Use of urea ‘n orenulur compound fervilizers (¢ alec common ln Jnpan
where a wide “angc of grades is produred onu mary .ypee of granulators grs
used, Ando (_lg) has preasonted ar cicellont survey of granulation practijce

in Japan,

57. In the United States, wres 18 uged videly 1in liguid wixed fertilizers
ard to some extent in bulk blends, tnt Ao tar It hae not uveen veed to an
appreciable extent in granuler compound fertliizers,

58. an interesting po3sibility ie the produstion of v*. vhosphate and its
use as an intermediate n moking Liquid and soltl ievtiiizers, as described
in & recent paper by Gayar unc Goploath (13)., Essenvially pure urea phos-
phate, CO(NH:)z-HoPO4. was Produced oy reaction of urea with filter-geade,
wel«proceas acié emd ceparated by cvaporation. cocling, crystallization, and
centrifuging Tac procuct may ve used directiy auu & fertilizer or convertad
to ammonium orthophosphate or rolyphcephate by heating with or withoui excess
urea. In uvne example g 15-55=0 1lquid feitilizer af produced Irom the pyro-

lyzed malt, Subsequen:; laoratory-scale ~hudtnse by TVA have confirmed the

technical feusibility of +ha brocers, and further development 1is likely.




VI. UREA - AMMONIUM PHOSPHATES

59. Compound fertilizers ~ontaining rea and smmonium phosphate are of par-
ticular interest becauce they are thz higheet analysls N-P (and NeP-K) com-
pound fertilizers that can be produced by present technology. The actual
grade depends on the purity ~f the ammonium phcaphate and on vhether the
ammonium phosphate 18 rencwzmonivm or diammenium phosphate or ammonium poly-
phosphate or come mixtuire of thene compounds. The grade also depends on the
samount of conditioner and other materials that -mﬂy bve added.

60. Combinations of pure urea and pure d1ammonium phoaphsate or amonium
polyphosphate will yicld grades ac high as 30=30-0 or (with KC1) 20-20-20.
When using armonium phosphate prepared from typical wet-process acid,
08.28-0 and 18-18-18 are casily attained, even when allovance iz made for
conditioner.

61. At present, urea - sxmonium phosphate (UAP) 1is kmown to be commercially
produced in India (14) and Japan (12). As pointed out previously, meny plants
use formulations containing ures and smmonium phosphates along with other
lower enalysis meterials.

62. Processet tor producing VAP may be classified according to whether the
ammonium phosphate = supplied to the granulator as a slury, i solid, or a
melt. Likevise, tha urea may be supplied as a £0lid or as a highly concen~
trated solution approaching & melt. Obviously, if the ammonium phosphate
and urea are produced nt the sare site, UAP could be produced by any of these
combinations. If the two materia)s are produced at separate locations, it

usually is necessary to trungpurt either the urea or the ammonjium phosphate or

both to the granuiation plant ‘n solid form, Az an oxception, certain grades




cf UAP such as 15-30-15 can be made from urea-ammonia solution and phosphoric
acid,)

63. In a plant in India where both urea and ammonium phusphate are available,
a 28-28-0 product is made ty supplying amworium phosphate as a slurry amnd urea
as a solid (prills). [he ammonium pPhosphate slurry and prilled urea are fed
to an anmmoniator-granulator where granules are formed by ccating the prills
vith the slurry (15). Ammonia is supplied alsc to the granulator to convert
the ammonium phosphate glurry to diemmcntium rhosphate,

6k. In Japan (12), various combinations of solid and slurry ammonium phos-
phate with solid and solution ures are used to make high-analyais granular
fertilizers. Types of granulators used {nclude rotary drums, pans, pug
mille, and cthers.

65. Slack (16) bhas reviewed the technology of producing granular complex
fertilizers including UAP.

66, Fisons (11) has developed a process in which UAP is produced from solid
nongranular monoapmonium Phosphate and prilled or crystalline urea. The mix-
ture of two materisls is granulated with the aid of steam in a rotary drum or
Pug mill, Other materialc may be added if desired. Some of the grades men-
tioned are 24-30-0, 28-28-0, ani 19-19-19. The process has the advantage that
it can bYe carried out in small granulation plants using shipped-in materials.
67. TVA has studied production of UAP extensively on a pilot-plant scale.
Since TVA's plans provided for coexisting urea, ammonia, and phosphoric acid
facilities, the main emphasic was placed on direct production from these mate-
riais in order tu avoid the expense of separate production of solld

intermediates (urea -r ammonium phusphute),




€8. The first process that vas dsveloped was essentially the well-known TVA
dlammonium phosphate proceos (1]) except that urea solution was added in the
amwoniator. 'The resul®s of this work havs been published (18).

69. Some problems were encountcred in drying UAP products. It vas desirable
to dry the products to a low moleture content {about 1%) to ensure good stor-
age properties. The temparature o thc meterial leaving the dryer was limited
to about 95°C to avoid decomposlition of the ures by hydrolysis. It vas found
pecessary to liad. the temperature of the alr entering the rotary dryer to a
renge of 150° to 175°C for ~ountercurrent flow, or about 200°C for cocurrent
flow, to preveni the material from rilting and stickiug to the shell and
flights of the dryer. Because of these limitations, the drying rate vas slow,
and a long retention tin? would be required to reduce the moisture content
below 1%. As & result the dryar would have to be very large and expensive.
70. Attenticp was then turned to melt-grenulation processes in which no
drying is necessaly. snmonium phosphate melis may be produced by e procees
developed by TVA i -mich the hont of reection of armonia and phosphoric acid
is utilized to cvapam.tc ole ViLer L tie wcid and cor ert part of the phou~
phate to polyphosphate. Anhydrous emmcnium phosphate melis should contain
some minimum proporticn of polyphosphate to be £luid enough to bandle sasily.
The minimum polyphosphate content lor gatisfactory fluldity is mot vell
defined; 20% ir adequete, oul mov n: cepsarily a minimum.

71. Urea nelt may be cbiainid by ¢ coneentrating urea solution to less than 1%
vater. Use cf thic melt with anhvircus ammonium phosphate melt provides an
essentially vater-frec sycten, ellpinating the need for drying.

72, 011 prilling ot the uliec alt was oludis=d in & pilot plant. The ammonium

polyphosphate melt ut abeous 200°C wuu aiaad with ureo welt at gbout 150°C and




8 small amount ol ool recycle. "ne resnlling mixture ut a temperature of
155°C cowld be prillec tuillstacterily ln e ritating prilling cup (19). The
Prills were collected in a ver<ml ccoilalning croled 0!l and separated from
the cil by centrliiugliug. "me romson for se/evtiug priiling {n cil rather
than in air was that materini., -+ fign poiyphoaphniie contect . rystallized too
slowly foralr pialiing. Provabiy aar wrilling would pave been satislactory
for low-pclyphosphate mteriasy, bug hith-polyphosphate preducts were desived
for possible uce in liquid fertiltzors, Jli-prilled products from thin pllot
plant (using elcetric-fumac:: Phosphoric seid) Lincluded 20-30-0, 36-18-0, end
39-13-0.

73. In attempting to scale up the process to a WuO-ton-per-day unit, sevaral
difficulties became aprarent. These difficuities need u.t be enumersted.
Eowever, there was one major drawback to prilling UAP melts in eithe:r oil or
air; when the ammoniunm phosphate melt was made with wet-procses acid, it
reacted rapidly with the urea melt, forming a foamy mixtire that was very
difficult to prill,

Th. Attention was tnen turnec to vogranuiation ¢f ures and ammcaium poly-
phosphate melts in a pug mill. Ia this nrocess the twe amelts are added at
separute points io the pug mill. 'The temperature in the pug mill {¢ con-
trolled at avout 835°C vy recyciing ccoled product. Thiz process has proved

satisfuctory in a pillct plant or .5 ton per dny capacity. “The resulis have

been described (20),

75. The UAP producte rade by the pug uill process shoneed unexpectediy good
Physical propertias, especlally when made vith wat-pricess acid. adthnugh the
critical relative humidity !¢ “omparable with that of amncnium nitrmte, the

rata of moisture ahsurption was lesp, amu the rate o[ penetration o mcinture
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{nto the material in open plles was slow. Also, the material dii not become
wet after absorbing a limited amount of wmoisture. This behavior has not been

fully explained, but it probably ls connected with the presence of
polypbosphate.

76. The main disadvantage of the pug mill process is that the high levels of
polyphosphate content csuse difficulty in granulation because of slov crystal-
1ization and plasticity, espeefally when the phosphate 1 derived from wet-
process acid. TFor instance, In producing a 23.28.0 UAP, the granulation step
becomes difficult when more vban 25% of the FPo0s 18 present as polyphosphate.
This is a disadvantage only when the product Ls expected to be useful in
making liquid fertilizer.

77. Materials containing polyphosphate have a high P20s water solubility,
usually 98 to 100%, whereas ammonium orthophosphates made from some types of

wet-process acid may have 90% or less of the POy in a water-soluble form.
The higher water solubility is a practical advantage in countries where wvater

solubility is the accepied standard for determining the commercial value of
phosphate fertillzer.

78. Design of a 40O-ton-per-iay demonstrution-scale plant to produce UAP has
beer ntarted. In the meantime, further pilot-plant work is under way. It s
planned to use wet-proceas phosphoric acid (50 to 54% P20s) and to produce
low-polyphosphate melir Yy the direct process (2L). The phosphate melt will
be combined with urea melt in the pug mill. The grades planned for production
are 36-18-0, 28-26-0, and 21-42-0, Fotash-containing grades have been made in
the pilot plant, but none will be made in the larger scale plant. It {c ex-~
pected that the main uses of the product will be for direect application in
areas vhere potash is noi needed, and for use in bulk blending where potash

will be added.
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